Breakthrough in precision (0.3 percent) of neutron activation analyses applied to provenience studies of obsidian Urbana, May 20-24, 1996 (poster) Breakthrough in precision (0.3%) of neutron activation analyses applied to provenience studies of obsidian Frank Asaro, Fred H. Stross Ernest Orlando Lawrence Berkeley National Laboratory (LBNL) and Richard L. Burger Yale University Peabody Museum Abstract A gamma ray spectrometer at LBNL (the Luis W. Alvarez Iridium Coincidence Spectrometer), that was specifically designed for high sensitivity measurements of iridium abundances, has been significantly modified in order to provide precisions of measurement in neutron activation analysis of obsidian significantly better than previously obtained (about 1%).
Procedures in present work
In the previous LBNL work errors could be reduced to the level of detection, i.e. about 1%. But there were many such errors and these were slowly reduced to hopefully lower levels over a period of 5 years between 1991 and 1996. The precision did not improve markedly until 1996 when the "last" error was reduced to a much lower level.
Encapsulated Al samples are wiped clean with ethyl alcohol on a cotton Q-tip before and after irradiation to remove any contaminating powder.
The neutron capture cross section is interpolated for each sample position in the quartz tube with standards. Four of the 7 obsidian samples studied in this work were in the same capsule as the standards. Fortuitously, the quartz tube containing the other three obsidian samples happened to have its samples in exactly the same positions that they would have had in the tube with standards. In the future each sealed quartz tube will have its own triplicate set of Standard Pottery standards.
The obsidian samples were weighed in triplicate before and after encapsulation in Al foil and after irradiation. Some significant loss of powder during irradiation (or sample handling during tube vacuum sealing or opening) was detected in two of the 7 samples (see Table 2 ).
The sample track between the Ge detectors allows the sample position to vary 1-2 mm. The counting rate of the 46 Sc 1121 keV gamma ray is counted in the two detectors and the ratio determines the exact relative position of all of the samples and standards. The uncertainty can be reduced to less than 0.1% in a gamma ray count of several hours. Such errors in geometry will cause all singles measurements to vary coherently, while coincidence measurements will be rather insensitive to the position of the sample along the axis of the two detectors.
The efficiency of the electronic system for detecting gamma rays depends strongly on the count rate. This efficiency is measured with pulsers feeding each of the two detector preamplifiers and the electronic system measuring the pulser output of the preamplifiers. The uncertainty from this pulser measurement can be reduced to about 0.1% with counts of several hours. Again the errors for each element measured by singles will vary coherently, but the errors in coincidence measurements will vary nearly coherently with those of the singles.
Counting errors in coincidence measurements will be much larger than those in singles because their count rate is much lower. For this reason only singles results were included in the study of the 6 most precisely measured elements in this work. The particular gamma ray singles or coincidences used for the measurement of each element are shown in Table 3 .
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The LWAICS has low levels of contamination from earlier INAA studies, and these were measured and corrections were made in the abundances for each sample. The Al encapsulating foil is warranted 99.9999% pure, but contains impurities or laboratory contaminations of many elements. The Sc impurity is very high, 0.2 ppm, (see Table 3 ) but is very homogeneous and can be quantitatively subtracted out. We measure the weight of Al in each capsule and the weights are sufficiently similar that the variation in weight has a minimal effect on the subtracted Sc component. Nevertheless for the obsidian measurements, the Sc impurity for each sample was calculated from the measured Al weight. Sb may be homogeneous in the Al foil but it is also a contaminant that can be introduced in our laboratory. Zn is very high in the Al and not homogeneous. This results in a much larger precision in the Zn determinations (about 0.6%) than would be expected from the sample counting statistics. Impurity levels in the Al encapsulating foils are calculated for all elements studied in this work and are subtracted from each sample.
Results
Three measurements were made on the same sample on three consecutive days to determine the precision attainable exclusive of any source variation or laboratory contamination (see Table 4 ). The coefficient of variation for the 6 best measured elements was 0.19%, the value expected from the counting, precision and geometry errors. If ratios are taken to one of the elements, then the geometry and precision errors (each of which behaves coherently for all of the 6 elements) should disappear. This is exactly what happened.
Five of the obsidian samples taken from two areas about 2 km apart had very nearly the same abundances (see Table 5 ). We call this the main Chivay group. The average coefficient of variation was 0.26%, larger than the 0.19% expected from the known errors (see Table 6a ). This left 0.18 ± .06% from other causes. When ratios were taken to one of the element abundances, the coefficient of variation did not drop, but was 0.25% (see Table 6b ). This suggests that there is an inhomogeneity in the source samples studied or contamination in the sample preparation procedures of 0.25 ± .05%.
The sample Chivay 6 used for determining variations associated with counting the same sample has a larger concentration of most elements measured than the main Chivay group, by about 0.8%. But the Sb abundance is significantly smaller. Chivay-6 then either represents a different composition profile than the main group or there are much larger weight or efficiency losses than expected (see Table 7 ).
Sample Chivay-3 has much different abundances (over 1%) for several elements and has a different composition than the main group or Chivay-6.
The element abundances in the main Chivay source group were compared with the Titicaca Basin chemical group of artifacts measured in 1977. The abundances for the 8 well measured elements in both studies agreed within 1.1%, which is excellent agreement. The provenience of the artifacts was assigned to Chivay in the Burger et al. 1996 publication. The coefficients of variation of the old work are about 5 times larger than in the present study. This could be due to either a larger natural variation in the artifacts because they come from a more extended source area or better measurement techniques than before. Deduction: There is an average source inhomogeneity for the 6 best measured elements of 0.18 ± 0.06%, or else there are unknown weight errors, efficiency or geometry measurement errors or laboratory contamination problems. Measurements of ratios should eliminate weight, efficiency and geometry concerns. Deduction: Taking ratios did not improve the agreement. So there is an average variation in abundance of 0.25
± .05% which is due either to inhomogeneity of the source for the elements studied or contamination in the sample preparation procedures. 
Deductions:
The best measured elements in Chivay-6 are enhanced in abundance by 0.8% relative to the main Chivay group. Abundances of all of the other elements are consistent with this value (as well as no enhancement) except for the abundance of Sb, which appears to be lower than that of the main Chivay group. Either Chivay-6 represents a distinctly different composition or else there is an unexpected weight or efficiency error. The latter explanations necessitate a three sigma error in the measurement of the ratio of Sb in Chivay-6 to the main Chivay group or else Sb contamination of all of the samples in the latter. Chivay-3 has a different composition pattern than any of the other 6 Chivay samples.
